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Laboratory Project 1

Location

Laboratory, B-105

Equipment
Tektronix Equipment Rack with

DM501A Digital Multimeter,

and PS501-1 Power Supply, and

FG501A Function Generator.

Tektronix 2235 Oscilloscope

Breadboard.


Lead box with leads and alligator clips.

BNC-to-BNC cable (short)

BNC-to-pins cable

1.5 k( and 3.3 k( 1/4-watt resistors

Three random 1/4-watt resistors

0.1 (F capacitor

Purpose

This lab project is intended to help you become familiar with the instruments and techniques used to make basic electrical measurements.  Much of our work with actual circuits requires that we measure various circuit parameters.  In particular, you will

· learn to measure voltage, current, and resistance,

· apply what you have learned to circuits involving resistors and capacitors, and

· maintain a properly written lab notebook.

Prelab
1.
Read the Procedure below carefully.  Be sure that you understand each of the steps before coming into lab.

2.
Predict the voltage-divider measurements that you expect to obtain in Procedure Step 3.

Procedure
1.
Voltage Measurement
Use the DM501 digital multimeter to measure the output voltage of the PS501-1 power supply.  The circuit for doing this is shown in Fig. 1.  Follow the individual steps below:

1.1
Turn on The Rack (the Tektronix TM506 unit).

1.2
Set up the DM501A DMM to measure voltage by pressing the dc volts button.  The input button should be out.

1.3
Use two banana leads from the lead box to connect the DMM and the power supply as shown in Fig. 1.  Make the lead colors work for you:  red lead in the red DMM jack, black lead in the black jack.


1.4
Sketch a diagram of this setup in your lab notebook.

1.5
Set the voltage in the window at the top of the power supply to zero.  Be sure the 10-20 V button is out.

1.6
Turn on the power supply.

1.7
Adjust the range of the DMM's reading by selecting the button from the left column of the DMM that moves the most significant digit of the reading as far to the left as possible.  In other words, give your measurement as many significant figures as possible.  If you don’t, the reading can be very inaccurate.

1.8
Record the DMM reading and the power supply dial setting in a table in your lab notebook.

1.9
Now increase the voltage until the DMM reads exactly 2.00 volts.  Record the power supply’s dial setting in your table.

1.10
Continue this process by adjusting the voltage so the DMM reads exactly 4.00, then 6.00, and so on until you reach exactly 20.00 volts.

1.11
Turn off the power supply, but not The Rack.

1.12
Transfer the leads to the lower set of terminals on the power supply.

1.13
Turn on the power supply and record the voltage.  Be sure your notebook contains a diagram of this new setup.

1.14
Record in your notebook what happens when you reverse the two leads at the power supply end.

1.15
Turn off the power supply (but not The Rack) and remove the leads.

2.
Resistance Measurement
Now we will use the ohmmeter portion of the DMM to measure the resistances of several standard resistors.  This will give you experience in reading the color codes on the resistors and in using the ohmmeter.

2.1
Ask your instructor for three random resistors.

2.2
Get two leads from the toolbox, one red and one black.

2.3
Put an alligator clip on one end of each and connect the other end to the DMM as shown in Fig. 2.


2.4
Press the k( button on the DMM.

2.5
Make sure the hi-lo button is out.

2.6
Connect one of the resistors to the DMM using the alligator clips.

2.7
Adjust the reading on the DMM to position the high-order digit of the reading as far to the left as possible.  This is an important step during any application of the DMM, as its precision is very dependent on it.

2.8
Record the nominal (color-coded) value of the resistance and the measured value of the resistance in a table.

2.9
Record the percent error of the measurement using 

.

2.10
Repeat these measurements for the remaining resistors.

3.
Voltage Divider
The voltage divider circuit is shown in Fig. 3 below.


Figure 3  - Voltage Divider

3.1
Construct the circuit as shown in Fig. 4 below.  Be sure the DMM is set on dc volts.


3.2
Set the power supply to 10 volts and turn it on.

3.3
Measure and record the voltage across each resistor and across the voltage source.

3.4
Compare your measurements with the values predicted by the voltage-divider formula.

3.5
Measure the current flowing through the 1.5 k( resistor.  The ammeter must be in series with the rest of the circuit, or to say it another way, you have to break the circuit and place the ammeter in the gap you just made.  The ammeter is between the blue and the black terminals of the DMM.

3.6
Set the DMM to dc ma and read the current.  Remember to move the reading to the far left.

3.7
Record this, and use Ohm’s law to verify that the current and voltage for the 1.5 k( resistor are correctly related.

3.8
Turn off the power supply and readjust it to deliver 1 volt to the circuit.

3.9
Repeat the voltage and current measurements.
3.10
Is the current what it should be according to Ohm’s law?  If not, what happened?  (Clue:  This is a tricky question.  Could the ammeter itself affect the circuit?)

3.11
Turn off the power supply.

4.
AC Measurements
The voltage divider of Part 3 also works when you apply an AC voltage to it.  In this part you’ll use as the source the FG501A Function Generator instead of the power supply.  Your measurements will be of AC voltages using the AC ranges of the DMM.

4.1
Replace the power supply in Fig. 4 with the FG501A Function Generator.  Use a cable that has a BNC connector on one end and pins on the other.  The braided conductor is the ground and should be at the bottom of the voltage divider.

4.2
Set up the Function Generator as follows:


In the group of three buttons at the top, push the bottom one in.


Set the Multiplier knob to 102.


Set the Frequency dial to 10.


In the group of eight buttons at the bottom, the top one in each column should be in.

4.3
Set the DMM to measure AC voltages (the meter reads RMS values) and connect it to the input of your circuit.

4.4
Turn on the Function Generator and adjust its output (light gray knob on lower right) until the voltage is five volts.

4.5
Use the DMM to measure RMS voltages across each of the elements of the voltage divider.

4.6
Record your data and show that KVL is satisfied.

4.7
Now replace the 1.5 k( resistor with a 0.1 (F capacitor (probably labeled “104”).

4.8
Repeat the three voltage measurements and record your data.

4.9
Is KVL satisfied by your data?  What’s missing here?  What data don’t you have that would make this work out?  (Clue:  AC involves phasors.)

5.
Oscilloscope Measurement
The missing information in Part 4 can be filled in by using the oscilloscope to make the AC measurements.  From the scope we can read both magnitude and phase angle.  The scope will give us the magnitude, but the reading will be the peak amplitude rather than the RMS value.  It can also give us the phase difference between the input signal and the other voltages.  

5.1
Continue with the RC circuit you were using in Part 4.

5.2
Turn on the 2235 Oscilloscope and make the following “standard” adjustments to get the scope to a reasonable starting point:


On the far right, all three little switches up.


Above those switches, the middle button in.


To the left of those buttons, the horizontal switch to the left.


In the blue-bordered Vertical Mode area, both switches centered, both buttons out.


Below this area, the Invert button out.


All three small red knobs fully clockwise (they click into position).


Under both Volts/Div knobs, the levers to DC.

5.3
Connect the scope probe of Channel 1 to the voltage input of your circuit.  The clip-lead portion of the probe must be connected the the ground of the Function Generator.

5.4
Connect the scope probe of Channel 2 to the capacitor so that it measures the capacitor voltage.  The clip-lead portion of the probe must likewise be grounded.

5.5
Adjust the scope to give a good picture of each sinusoid.  This may take some doing.  Be sure the sinusoids are centered vertically.  (Clue:  Use the switches under the Volts/Div knobs to locate the gound or zero-volts trace and center that trace on the screen.)

5.6
Read the peak amplitude of the input voltage and of the voltage across the capacitor.  If you are using a probe, the calibration is based on the “10X” index of the knob for each channel.  Remember that these are not RMS readings.  Compute their RMS values and compare them with the ones you read using the DMM.  (Clue:  Remember (2 for sinusoids?)

5.7
Observe the fact that the voltage across the capacitor is not in phase with the input voltage.  Measure by how much time the capacitor voltage is delayed from the input voltage.  To do this, make sure the baselines of the two voltages displayed are exactly in the center of the scope’s display.  You can read time using the calibration of the A and B Sec/Div knob.

5.8
Measure the period of the input sinusoid.

5.9
Determine the phase angle of the capacitor voltage.  Since you know the delay time and the time for one period, the angle will be their ratio times 360(.  Because the capacitor voltage is delayed, the phase angle is negative.

Report

Complete the work in your lab notebook.  One lab notebook is to be handed in by each group at the end of the lab period.  The group will share the lab notebook grade.


Make sure that the notebook you turn in contains at least the following:

· A table showing DM501A voltages and the PS501-1 dial settings.

· A table showing nominal resistance values, measured resistance values, and percent error.

· For the voltage divider circuit, provide a table showing the predicted voltage and measured voltage across the voltage source and across each resistor, and the percent error.  Also include the predicted and measured current and the percent error.  Provide two such tables, one for the 10 V source and one for the 1 V source.

· Tables of the data for the AC measurements of both the resistor divider and the RC circuit.

· A calibrated sketch of the oscilloscope traces for the RC circuit measurements.

· A table comparing the DMM voltage readings and the scope voltage readings.

· A calculation of the phase angle of the capacitor voltage relative to the input voltage.

Acknowledgement

This lab project was originally developed by Professor Wm. J. Eccles.  It has been modified considerably since then.
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Figure 1 - Voltage Measurement





Figure 2 - Resistance Measurement
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Figure 4 - Voltage Divider Measurement
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